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Numerical analysis of harmonic currents in ac power systems

by complex matrix method Part V

Ryozo HIHARA

Author carried out the numerical analysis of harmonic currents distribution due
to exciting currents of power transformers in ac power systems, which had been
published in previous report Partll and PartN, by M760/ 8 digital computer.

In this paper the auther reports in detail the result of numerical calculation
referring to above problem.

The summarized conclusions are following:

(1) It is authenticated that the accurate numerical analysis of harmonic currents
distribution is obtained by complex matrix method.
(2) The unbalance factor (1 2/ 1) of fundamental wave current is aiways 0.43% at

96%, 100% and 108% of system rating supply voltage.

(3 The percentage of 3rd. harmonic currents to fundamental wave currents is
respectively 1.0%, 1.5%, 2.6% at 96%, 100%, and 108% system supply voltage.
() The percentage 5th harmonic currents to fundamental wave currents Is res—
pectively 3.3%, 3.9%, 4.4% at 96%, 100%, and 108% system supply voltage.
(5 It is necessary to establish the reduction countermeasure for such higher order

percentage of harmonic wave to fundamental wave at the power system operation.
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Va CKV)

84.9, 0°

37.1,-2.2°

37.1,-2.2°

37.1,-2.2°

37.1,-2.2°

Vas(KV)

147.0, 30.0°

64.2, 27.8°

64.2, 27.8°

64.2, 27.8°

64.2, 27.8°

[o (A)

610.0,-37.5°

1353,-37.0°

1015,-37.0°

677.0,-37.0°

338.0,-37.0°

[, (M)

609.0,-37.1°

1352,-36.9°

1014,-37.0°

676.0,-37.0°

338.0,-37.0°

[, (A)

3.6,-122.0°

5.8,-115.0°

4.4,-115.0°

2.9,-115.0°

1.46,-115.0°

ETs

[2/1,(

%) 0.59

0.43

0.43

0.43

0.43
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] 4 6 8 10 12
Va CKV) | 37.1,-2.2°| 36.7,-2.7°| 36.6,-2.9°] 36.5,-3.1° 36.4,-3.2°0 36.4,-3.2°
Vas(KV) | 64.2, 27.8° 63.6, 27.3° 63.4, 27.1° 63.2, 27.0° 63.1, 26.9° 63.1, 26.8°
I (A) 1338.0,-37.0°281.0,-37.0°225.0,-37.3°168.0,-37.4°112.0,-37.5° 56.2,-37.5°
[, (A) 1338.0,-37.0°281.0,-37.0°225.0,-37.1°168.0,-37.0°112.0,-37.2° 56.1,-37.3°
[, (A) 11.46,-115.0° 1.2,-115.0°0.97,-115.0°0.72,-115.0°0.48, 115.0°0.24, -115.0°

/L) 0.43 0.43 0.43 0.43 0.43 0.43
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A1 —(3) 10MVARBCH F S A P8 G BLEE B (523l E 1 147kV)
(DDis 1

;' T T

1 ] 2 3 4 5 b i /

(Va (RV) | 36.9.-2.5° 4.0,-3.3°]  4.0,-3.3°0 4.0,-3.3°] 4.0,-3.3°] 4.0, 3.3° 4.0.-3.3°
{VAB(KV) 63.9, 27.5° 6.93, 26.7°/6.93, 26.7° 6.93, 26.7° 6.93, 26.7° 6.93, 26.7°1 6.93, 26.7°
1 () [ 56.9,-36.8°509.0,-35.7°403.0, -30.6°297.0,-36.1°255.0,-35.7°151 .0, -21 .9° 42.5,-38.5°

e () 06.6,-156.0° 512,-156.0° 470,-155.0° 363.-149.0° 256,-156.0° 213,-155.0° 112,-135.7°
kIc (&) 757.0. 83.6°512.0, 84-0°409.0, 79.0°367.0. 78.5°256.0, 84.0°156.0, 70.1°114.0, 66.0°
1 () 756.8,-36.6%11.0,-35.77426.0,35.7°341.0,-35.7°256.0,-35.7°171.0,-35.6° 85.3,-35.6°

I:

&A\ 0.25.-114.0°1.82, 140.0° 43.6, 88.7°43.8, 147.0°0.91, 140.0° 43.0, 87.8°%42.9, 147.0°

LY 043 0% 10.2 12.8 036 | 25.0 50.0
PDDis 2
T i 2 3 4 5 6 7
VoD 36.7,-2.77 3.98.-3.5° 3.98,-3.57 3.98,3.5° 3.98,3.5 3.98,-3.5" 3.98.-3.5°
VanhD) 63.6, 27-37 6.9, 265" 6.9, 26.5° 6.9, 26.5° 6.9, 26.57 6.9, 2%.57 6.9, 2.5
1. () 156.6.-37.0°507.0.-35.9°1401.0,-30.8°206-0,-36.3°254-0,-35.9°1151 .0, 22.1°| 42.3,-38.8°
% (0 56.4.-157.0° 510,-156.0° 468.-155.5°] 362.-149.87 255,-156.0° 213, -155.0° 111.-136.0°
1o (A 56.8, 83.4°510.0. 83.8°408.0, 78.6°365.0, 78.37255.0, 83.99156-0, 69.9°114.0, 65.7°
1) 56,6, 36.8°509.0.,-36.0°1425.0, 35.9°339.0, -35.9°255.0,-35.9°170.0,-35.9°| 85.0,-35.9°
1Y 10.24, 114.071.83. 139.0° 43.4. 88.5°U3.7, 147.070.91, 139.0° 42.8, 87.5°42.8. 147.0°
Ly 0043 0.36 100 13.0 0.36 %0 50.0
@Dis 3
1 9 3 1 5 6 7

\A KV 36.6.-2.9° 3.97.-3.7° 3.97,-3.7° 3.97, 3.7° 3.97,-3.7° 3.97, 3.79 3.97.-3.7
\«p\n\\ 63.4. 27.1° 6.88, 26.3° 6.88, 26.3° 6.88, 26.3°| 6.88, 26.3° 6.88, 26.3° 6.88, 26.3°
Cia (A)56.5.-37.2°506.0,-36.1°400.0,-31.0°295.0, -36.5°253.0, 36. 1°]150.0, 22.3° 42.2.-39.0
57.0° |

e (A DB.2,-] 009,-156.0% 466,-156.0°. 361,-150.0° 254,-156.0° 212,-155.0° 111,-136.
co (AY 06.6. 83.2°508.0, 83.7°406.0. 78.4°364.0, 78.1°254.0, 83.7°155.0, 69.7°114.0, 65.5°
o AA)96.4,-37.0°508.0.-36.2°1423.0,-36.1°338.0,-36.1°254.0,-36.1°169.0,-36.1° 84.7,-36.1

2 (A 0.24.-115.0%1.83. 139.0°1 43.3, 88.3°43.5, 147.0°0.92, 139.0° 42.7, 87.3°42.6, 147.0°

o 043 036 100 13.0 0.36 25.0 | 50.0
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K2 () [ERIHE 3 HABIEAR (ZHAHHN147KY)

1 3 4 B 6
[ (M) 6.0, 83.5° 4.4, 121.0°3.26, 121.0° 2.2, 121.0°1.09, 121.0°
le (A) |13.1,-64.2° 20.6,-33.9° 15.4,-34.0° 10.3,-33.9° 5.14,-33.9°
Ic (A) B.74, 138.0°16.7, 152.5°12.5, 152.5° 8.4, 152.5°4.18, 152.5°
[, (A) |8.49, 50.0° 11.9, 68.3° 8.9, 68.3° 5.96, 68.3° 2.98, 68.3°
[, (A) 4.79,-173.6° 9.9,-132.0° 7.4,-132.2°4.95,-132.2°2.47,-132.2°
L2/1.(%) 56 33 83 33 33
REREE (%)Y 2.13 1.5 1.5 1.5 1.5

(2) 63kV7 1 — & {flo 63kV7 4 — & DM A V- K 5o X O AR RET 5 R BHR #0083
%ELS%EME-H LT3,

42 —(2) 63kVI2km7 1 — & B4 3 AP B R (524 1147kV)

| 4 6 8 10 12
[, CA) [ 1.09, 12.1°0.89, 120.0° 0.7, 119.4°0.52, 118.4°0.34, 118.6°0.17, 116.8°
la (A) [5.14,-33.9° 4.25,-34.0° 3.36,-34.5° 2.52,-34.6° 1.66,-34.8° 0.84,-34.6°
Ie (A) |4.2, 152.5°3.47, 152.4°2.75, 152.0°2.07, 152.0°1.36, 151.7°0.69, 152.3°
I, (A) |2.98, 68.3° 2.47, 67.9° 1.95, 67.5° 1.47, 67.3° 0.97, 67.0° 0.49, 67.1°
[, (A) 2.47,-132.2°12.05,-132.2°]1.62,-132.5°1.21,-132.4° 0.8,-132.7° 0.4.-132.0°
[2/1,(%) 33 83 83 32 32 81
HEANR (%) 1.5 1.5 1.5 1.5 1.5 1.5
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0 H O H I TOMVARLE I 3o\ TR IEA I A6 o b 3 0T hd, $3BERTZR
FROMBECECTHMPEL D ML TRV,

S Lo bRl fRIhd &, i Tbkh, TOHFREFEDLRT, FHEOK
AW AT HHEEEIHAL TV D,

ZOMHNE63KVED 1 7 4 — £ 6 HlO AREER 1OMVAZ LS FEfE T 5109, ch b
WAL O M E MRS PR BT L0 LT 50




fui I LR REOPRACHE #5205

1990

A2 =30 TOMVARCAL AT 3 M 3ok STA5 M (sl 1147k V)
(DDis 1
1 2 3 4 5 6 7
[« (A) 10.19, 126.1°0.42, 73.3°1 1.16, 17.7°] 1.22, 15.7° 0.21, 73.3°] 1.06. 8.2° 1.12, 6.5°
e (A) 10.88,-32.6° 1.18,-74.6°1.28,-132.6° 0.78.-82.5° 0.59,-74.6°1.09, -160.0°0.21,-105.0°
[c (&) 0.7, 153.3°0.85, 120.9°0.63, 112.5%1.35, 161.0°0.42, 121.0° 0.22, 96.5°1.06, 175.7°
I, (A) 10.506,70.0° 0.73, 35.0° 0.99,-0.15° 1.09, 31.0°0.365, 35.0° 0.73,-17.0° 0.73, 28.9°
[, (A) 10.43,-132.1°0.48,-178.6° 0.37, 72.5° 0.33,-44.6%0.24,-178.6°] 0.5, 45.9° 0.52.-25.6°
1/1,(% 85 66 37 30 64 - 68 71
REARHL(% 1.5
®@Dis 2
| [ 2 3 4 5 6 I 7
I« (A) 0.19, 121.0° 0.52, 69.09 2.0, 6.5° 2.07. 5.9° 0.26. 69.0°] 1.89.-0.57 1.97.-0.9°
le (A) [0.89,-32.7°T 1.44,-62.0°1.61,-146.0° 0.92,-71.5° 0.72,-62.0° 1.7.-171.0°0.24.-101.0°
Ic (A 10.73, 154.0°0.17. 137.0°0.92, 134.0°2.44, 164.0°0.58, 137.0°0.34, 127.0°1.94, 172.0°
I, () 10.52, 69.4°0.97, 45.0° 1.44,-3.7°] 1.71, 30.6° 0.48. 45.0° 1.18.-21.7° 1.24, 95.0°
. (A) 10.43,-131.0°0.54,-158.0° 0.63, 30.0° 0.88,-48.0°0.27,-158.0°] 0.9, 27.7° 1.0,-34.0°
1./1,(% 83 56 44 51 56 77 81
HEaER (% 1.5
®Dis 3
| 2 [ 3 4 5 6 7
[ CA) 0.18, 122.0° 0.44. 76.2° 1.11, 18.59 .16, 16.2° 0.22, 76.2° 1.01. 7.8° 1.07. 5.0°
ls (A) 10.84,-34.2° 1.3,-71.6°1.25,-126.0° 0.86,-79.0° 0.65,-72.0°1.02.-158.0°0.22.-100.0°
lc (A) 10.68, 152.0°0.97, 122.0°0.73, 116.0°11.38, 158.0°0.48, 122.0°0.25. 103.0°1.03. 174.0°
I, (A) 10.48, 68.1°0.81, 36.7°] 1.01, 3.1° L.11, 31.4° 0.4, 36.7°0.71,-15.2° 0.71, 28.4°
. (A) 10.41,-133.0°0.54,-174.0° 0.3,-81.0°] 0.3,-57.1°0.27.-174.0°0.456, 45.5° 0.49.-97.7°
12/1, (%) 85 67 30 27 68 64 | 69
REARRCR) 1.5 !

(4) Bk, dxfo &2 BN T 25 ERE3BEOERD ML ELLRHOE BB E DO 3 I
W DEERZT D ENMNLATTIe st T, BRSO 1A 2B &, S, 63kVy 4 —
A0, 35 X UALOMVARL W R 1S O IR AP #K, B X OV AR+ 5 K2 £83%,
1.5% & —EHIC - Tu %,

3-3 FSHB O BAAMENTA Wo BB D & 3 0 KRB EHEEIE R AT Lo o Bl B NS B 4
L3Rt

() B Me R MM A KMHEW, EMHSER, FHESERDON2 F LB, HiAVE
F, BLOEABEEREDOELZEHE LTV 5,

CHIC XD E L i PR EE WA T8 K13462~466% & Flim K & 0 M E R OB Hied <
FI3IRBC I LT HMERDOAFEAHET > T b,

MEMO KRBT DRI S 2 BRE3.9% & H 3 Al L T2 i & 7 » Tus
Ho ZDIXSMGVHEREN DI EIAHER ENETOLER DL EEZLN S
LS D E AT B R s L OEABFEERDO LR 513%, 4:45% L KE DY —Y —o%I



BRTIREC I 2BNRKOERBEBHO RIERITHER F0OV

WORSHIGERBEOE B I DL LT 5,

£3—(1) BBREFES FAREAESE (ZEEE147KV)
| 3 4 ! 5 6
Ia (A) |27.4,-10.7°1 52.9,-12.3° 39.7,-12.3° 26.4,-12.3° 13.2,-12.3°
Ise (A) 119.4, 108.0°36.5, 100.0°27.4, 100.0°18.3, 100.0°9.13, 100.0°
Ie (A 24.6,—147.0°51.6,—151.0°38.7,~151.0°25.8.-151.0°12.9,~151.0°
I () 4.6, 21.2° 10.0, 34.0° 7.53, 34.0° 0.0, 34.0°-2.51, 34.0°
I, (A) |23.6,-16.6° 46.5,-21.3° 34.9,-21.3° 23.3,-21.3°/ 11.6,-21.3°
[2/1,(%) 513 465 463 466 462
Lﬁ%ﬁﬁﬁ(%) 4.45 3.9 3.9 3.9 3.9
(2) 63kV7 4 — & {fle BHEDOERACEE R, I OEABGEERC T2 R BESOME
&%(Rf_—"ﬁ(bflf‘éo
X3 —(2) 63kVI2km7 4 — &£ {55 5 BB EER (FEEF147kV)

l 4 6 3 10 12
Ia (A) [ 13.2,-12.4°/ 11.3,-13.8° 8.85,-14.7° 6.81,-16.1°] 4.43,-15.6% 2.35.-19.0°
Is (A) 19.15, 100.0° 7.7, 98.0° 6.09, 97.0° 4.6, 95.4° 3.03, 95.9° 1.54. 92.6°
Ic (A) 112.9,-151.0°11.1,-153.0°8.69,-154.0°6.68,-156.0°4.36,-155.0°12.28.-160.0°
[, CA) 2.5, 33.8° 2.19, 33.3°% 1.71, 32.4° 1.37, 30.7° 0.87, 31.9° 0.49, 26.9°
I, (A) | 11.6,-21.3° 9.9,-23.1° 7.8,-23.9° 5.96,-25.7° 3.89,-25.0°1 2.03.-928.0°
[2/1,C%) 464 452 456 435 447 414
WEEKL (%) 3.9 3.9 3.9 L 4.0 3.9 4.1

(3)

3 ML O 1OMVARCE F o AR L kL 3 M OB H RO BIEMITHE R L R LTV 5,

BIRBWEDIr —ARCHBELTLBIC AT Y F20% DT, 35y —AXKLIELT1OMADR
BT OWTRN S & A P R12431~580% &, Fro AR T 25K L3.4~4.2% L)

LTL‘%O
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1 I 9 3 1 5 5 7
1. (A) | 1.95,-4.6° 16.6.-18.57| 13.9,-16.97 11.5,-17.9° 8.31, 18.5° 5.66.-14.5° 5.17 -16.5°
le () 11.44, 111.0°12.4, 101.0%10.0,. 100-0°7-89, 102.09.19, 101.0°3.88, 100.0° 1.7. 106.0°
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(2)Dis 2
j ! 2 - 3 4 5. 6 7
1. (A | 2.4,-10.3°721.3.-21.0° 17.8,-18.1° 14.9,-18.9° 10.6,-21.0° 7.16,-13.9° 4.32, 14.0°
le (A) 1.6, 101.0° 14.4, 92.7°11.2, 89.5° 9.1, 95.0° 7.21, 92.7° 4.07. 83.8°1.87, 104.0°
[ 1c (A) [2.4,-150.7°20.4.-160.0°17.9,-161.0°14.0,-163.0°10.2,-160.07.75,-162.0°3.81,-168.0°
I, (A) 10.49, 36.2° 4.12, 22.0° 4.16, 31.5° 3.47, 20.1° 2.06, 22.0° 2.15, 40.5% 1.41, 17.4°
- (A) 12.11,-20.0° 18.5,-29.7° 15.4,-30.0° 12.4,-29.1° 9.24,-29.7°] 6.16,-30.4° 3.20, 27.4°
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I ‘ 2 3 4 ! 5 1 6 7 f
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Is (A) 11.48, 102.0° 13.1. 93.6° 10.7, 93.7° 8.5, 6.6, 93.67 4.1, 94.071.93, 103.0°
\

-158.0° 6.0,-160.0%2.75,-168.0°

]
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.03 9.8
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